SEMICONDUCTOR SENSING DEVICE 


BACKGROUND OF THE INVENTION 

1. TECHNICAL FIELD 

[0001] The invention relates generally to sensors, and more specifically, to a semiconductor 
sensing device. 

2. RELATED ART 

[0002] Sensors, such as pH sensors for chemicals, have been successfully developed for many 
years. Each sensor includes a sensing element that generates a signal (e.g., visual, audio, 
electrical, etc.) in response to the presence/absence of a property and/or a level of the property in 
a medium (e.g., a liquid, a chemical, etc.) being tested. For example, a pH sensor can generate a 
signal that is based on an ion concentration and polarity of the medium. 
[0003] In a semiconductor configured to sense a property of a medium, the sensing element 
can generate an electrical signal based on a property of the medium being tested. The sensing 
element can be connected to a circuit for transferring and/or transforming the electrical signal 
that is generated by the sensing element. Typically, the sensing element is constructed so that 
one end tests the medium, while the other end contacts the circuit. However, using this 
approach, the sensing element, its connection to the medium, and/or its connection to the circuit 
may deteriorate over time, multiple uses, etc. 

[0004] Another semiconductor approach for sensing a medium property incorporates a pore 
network on the surface of a silicon body of the semiconductor. This approach enables the 
accommodation and anchorage of material sensitive to the property. However, it does not 
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eliminate the necessity of incorporating an additional property-sensitive substance into the 
semiconductor. 

[0005] Sensors based on compound semiconductors have also been proposed. For example, a 
GaN-AlGaN heterostructure can be used as a semiconductor base of a gas sensor. The gas 
sensor can include two planar electrodes separated by an additional property-sensitive layer on 
the surface of the semiconductor. In this approach, the heterostructure enhances the polarization 
of the surface under the sensing element, thereby increasing the sensor signal. However, this 
approach also requires an additional property sensing element. 

[0006] As a result, a need exists for an improved semiconductor sensing device for sensing a 
property of a medium. In particular, a need exists for a semiconductor sensing device that can 
operate without the requirement of modifying and/or repairing the additional sensing elements. 
Further, a need exists for a semiconductor sensing device that provides a reliable transformation 
of the medium property being sensed, e.g., ion polarity, ion concentration, or the like into an 
electrical signal. 


SUMMARY OF THE INVENTION 
[0007] The invention provides an improved semiconductor sensing device. Specifically, under 
the present invention, a semiconductor device includes a sensing layer incorporated below a 
contact. The sensing layer is exposed to a medium being tested in an area below and/or adjacent 
to the contact. For example, the contact can comprise a gate contact in a field effect transistor. 
The gate contact can include one or more perforations that allow the medium to contact the 
sensing layer below the gate contact. Perforations can also be included in one or more layers that 
are disposed above the sensing layer. In this manner, the device operation will be altered based 
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on the property of the medium, thereby providing an indication of the presence/absence and/or 
level of the property in the medium. 

[0008] A first aspect of the invention provides a semiconductor device configured to sense a 
property of a medium, the device comprising: a contact; and a sensing layer disposed below the 
contact, wherein the sensing layer is exposed to the medium in an area below the contact. 
[0009] A second aspect of the invention provides a field effect transistor (FET) configured to 
sense a property of a medium, the FET comprising: a source contact; a drain contact; a gate 
contact, wherein the gate contact defines a gate area disposed below and adjacent the gate 
contact; and a sensing layer for sensing the property, wherein the sensing layer is disposed below 
the gate contact and wherein the sensing layer is exposed to the medium in the gate area. 
[0010] A third aspect of the invention provides a semiconductor device configured to sense a 
property of a medium, the device comprising: a contact that includes at least one perforation to 
expose a sensing layer to the medium; a dielectric layer disposed below the contact; and an 
active structure disposed below the dielectric layer, wherein the sensing layer comprises at least 
one of: the dielectric layer and a semiconductor layer in the active structure. 
[0011] The illustrative aspects of the present invention are designed to solve the problems 
herein described and other problems not discussed, which are discoverable by a skilled artisan. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0012] These and other features of this invention will be more readily understood from the 
following detailed description of the various aspects of the invention taken in conjunction with 
the accompanying drawings in which: 

[0013] FIG. 1 shows an illustrative semiconductor sensing device according to one 

embodiment of the invention; and 
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[0014] FIG. 2 shows an illustrative semiconductor sensing device according to another 
embodiment of the invention. 

[0015] It is noted that the drawings of the invention are not to scale. The drawings are 
intended to depict only typical aspects of the invention, and therefore should not be considered as 
limiting the scope of the invention. In the drawings, like numbering represents like elements 
between the drawings. 

DETAILED DESCRIPTION OF THE INVENTION 
[0016] It is understood, that for purposes of this description Al means Aluminum, Ga means 
Gallium, N means Nitrogen, In means Indium, Si means Silicon, O means Oxygen, and C means 
Carbon. Further, it is understood that "group III elements" comprise the elements Al, Ga, In, 
Boron (B), and Thallium (Tl). 

[0017] As indicated above, the invention provides an improved semiconductor sensing device. 
Specifically, under the present invention, a semiconductor device includes a sensing layer 
incorporated below a contact. The sensing layer is exposed to a medium being tested in an area 
below and/or adjacent to the contact. For example, the contact can comprise a gate contact in a 
field effect transistor. The gate contact can include one or more perforations that allow the 
medium to contact the sensing layer below the gate contact. Perforations can also be included in 
one or more layers that are disposed above the sensing layer. In this manner, the device 
operation will be altered based on the property of the medium, thereby providing an indication of 
the presence/absence and/or level of the property in the medium. 

[0018] Turning to the drawings, FIG. 1 shows an illustrative semiconductor sensing device 10 
according to one embodiment of the invention. Device 10 is shown including a substrate 12, an 
active structure 14 disposed above substrate 12, and a dielectric layer 16 disposed above active 
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structure 14. Device 10 can include any type of substrate 12. For example, substrate 12 can 
comprise sapphire, silicon carbide (SiC), spinel, silicon, bulk GaN, bulk A1N, or bulk AlGaN. 
Active structure 14 can comprise any combination of one or more layers, e.g., a heterostructure, 
that provide the desired functionality for device 10. Dielectric layer 16 can comprise, for 
example, one or more layers of Si0 2 , and/or SiN. However, it is understood that inclusion of 
dielectric layer 16 in device 10 is optional. In one embodiment, active structure 14 comprises an 
AlGaN/GaN heterostructure with a GaN layer acting as the sensing layer. 
[0019] It is understood that each layer (and structure) shown in device 10 can be deposited 
directly on an adjacent, lower layer or one or more additional layers can be formed between the 
two adjacent layers shown. The composition and configuration of any additional layers and/or 
components can vary depending on the desired functionality of device 10 and/or any 
improvements made to enhance the operation and/or reliability of device 10. Further, each layer 
can be formed over all or only a portion of a lower layer, can vary in thickness, and can be 
formed into any pattern that provides the desired functionality for device 10. Each layer can be 
deposited and/or patterned using any solution now known or later developed. For example, each 
nitride-based layer can be formed using Molecular Beam Epitaxy (MBE), Metal Organic 
Chemical Vacuum Deposition (MOCVD), and/or patterned using selective etching. 
[0020] As shown, device 10 can be configured to operate as a field effect transistor (FET). To 
this extent, device 10 is shown including a gate contact 18 disposed above dielectric layer 16, a 
source contact 20, and a drain contact 22. Each contact 18, 20, 22, can be formed using any 
solution now known or later developed. In order to sense a property of a medium, device 10 is 
also configured so that its operation changes based on the property of the medium. 
[0021] In one embodiment, a sensing layer is exposed to the medium being tested in a gate area 
26 of device 10. As shown in FIG. 1, gate area 26 comprises a portion of device 10 disposed 
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below and/or adjacent gate contact 18. As is known in the art, gate area 26 is determined by the 
spreading of the gate-created electrical potential. Gate contact 18 is shown including a set (one 
or more) of perforations 24. Perforations 24 allow the medium to contact the sensing layer in the 
area below gate contact 1 8. The size and/or number of each perforation 24 can be adjusted to 
adjust the total area of the sensing layer that is exposed to the medium. In one embodiment, each 
perforation 24 exposes an area in the range of approximately one square nanometer to 
approximately ten square centimeters. While shown as having an elliptical shape, it is 
understood that each perforation 24 can comprise any desired shape. 

[0022] As noted, the sensing layer is exposed to the medium in gate area 26. For example, the 
sensing layer can comprise dielectric layer 16. In this case, perforations 24 would extend 
through gate contact 18 to allow the portion of dielectric layer 16 below gate contact 18 to 
contact the medium. Alternatively, the sensing layer could comprise one or more layers in active 
structure 14, e.g., a semiconductor layer. In this case, one or more perforations 24 could extend 
through gate contact 18, dielectric layer 16 (if present), and/or any other layers disposed above 
the sensing layer. 

[0023] In any event, the sensing layer is electrically sensitive to changes in the electrical 
characteristics within gate area 26. As a result, exposing the sensing layer to the medium in gate 
area 26 will alter an electrical potential on gate contact 18. Consequently, the output of device 
10 will produce an amplified response to any changes to the sign and/or amount of electrical 
charge in the medium. This response can be used to measure, for example, hydrogen ion 
concentration or pH. 

[0024] FIG. 2 shows an alternative semiconductor sensing device 110 according to another 
embodiment of the invention. In this case, one or more layers in active structure 1 14 can 
comprise the sensing layer. In order to expose the sensing layer(s) to a medium in gate area 126, 
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dielectric layer 1 16 is shown including a set of perforations 128 that are adjacent gate contact 
118. Each perforation 128 passes through dielectric layer 116 and/or any additional layers in 
active structure 1 14 to expose the sensing layer(s) to the medium. It is understood that gate 
contact 1 18 could also include perforations that expose portions of the sensing layer directly 
below gate contact 1 18 to the medium as shown in FIG. 1. 

[0025] In one embodiment, device 10 can comprise a compound semiconductor FET. In this 
case, device 10 would present polarization effects in the bulk and on the surface. These effects 
can be enhanced when a heterostructure such as AlGaN/GaN and quantum wells are used to 
form active structure 14. It is understood that various types of semiconductor FETs could be 
used. For example, device 10 can comprise a silicon metal-oxide-semiconductor FET 
(MOSFET), a GaN-based semiconductor FET, a metal semiconductor FET (MESFET), a metal- 
insulator-semiconductor (MISFET), or the like. 

[0026] The foregoing description of various embodiments of the invention has been presented 
for purposes of illustration and description. It is not intended to be exhaustive or to limit the 
invention to the precise form disclosed, and obviously, many modifications and variations are 
possible. Such modifications and variations that may be apparent to a person skilled in the art 
are intended to be included within the scope of the invention as defined by the accompanying 
claims. 
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